MECHANICAL HOUSING 
[0001] This application is a continuation of U.S. Application Serial No. 09/804,129, 
filed March 12, 2001 and titled "Mechanical Housing" (Attorney Docket No. 
100.147US01) which claims benefit under 35 U.S.C. §1 19(e) of U.S. Provisional 
Application Serial No. 60/246,174, filed November 6, 2000, which is incorporated 
herein by reference. 

CROSS RELATED APPLICATIONS 
[0002] This application is related to U.S. Patents 6,563,050 and D462,675 entitled 
CABLE HEAD ASSEMBLY and RADIATING REPEATER CASE, respectively, and 
filed on March 12, 2001, and November 6, 2000, respectively, which applications are 
incorporated herein by reference. 

Technical Field 

[0003] The present invention relates generally to the field of environmentally 
protected housings for containing electronic components and, in particular, to the 
enhanced cooling of electronic components contained within environmentally protected 
housings. 

Background 

[0004] Environmentally protected housings are used in a wide variety of 
applications, including containing and protecting electronic components of the type 
used for transferring signals over long distances. For example, the telecommunications 
industry transfers signals over optical fibers. If the signal is transferred over a long 
distance, the signal may be too weak by the time it reaches its destination to be useful. 
Consequently, electronic circuit cards are used to detect, clean up, and amplify a weak 
signal for retransmission through another length of fiber-optic cable. These electronic 
circuit cards are often deployed in environmentally protected housings located above 
and below ground. 

[0005] Increased demands on the telecommunications industry, such as the advent 
of High-Bit-Rate Digital Subscriber Lines (HDSL), to meet the increasing needs of 
internet subscribers has resulted in the need to transfer more and stronger electrical 
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signals over greater distances. One way of accomplishing this is to amplify the signals 
using electronic circuit cards deployed in environmentally protected housings. To meet 
the need for transferring stronger electrical signals over greater distances, electronic 
circuit cards having higher amplification capabilities, and thus greater heat dissipation 
rates, than the last generation of circuit cards of this type may be used. The need for 
more electrical signals of this type may be accommodated by placing as many of these 
higher-heat-dissipating circuit cards into a single environmentally protected housing as 
possible. However, existing housings configured to accommodate the heat loads of the 
last generation of electronic circuit cards cannot accommodate the increased heat load of 
larger numbers of higher-heat-dissipation electronic circuit cards. 

[0006] For the reasons stated above, and for other reasons stated below which will 
become apparent to those skilled in the art upon reading and understanding the present 
specification, there is a need in the art for environmentally protected housings that can 
handle the increased heat load associated with increased numbers of higher-heat- 
dissipation electronic circuit cards and thereby maintain an acceptable operating 
temperature within the housing. 

Summary 

[0007] The above-mentioned problems with existing housings configured to 
accommodate the heat loads of the last generation of electronic circuit cards being 
unable accommodate the increased heat load of larger numbers of higher-heat- 
dissipation electronic circuit cards and other problems are addressed by embodiments of 
the present invention and will be understood by reading and studying the following 
specification. Embodiments of the present invention provide a housing adapted to 
contain objects, for example electronic circuit cards; at least one case located within the 
housing, the case adapted to confine the objects to different locations within the 
housing, the case also thermally coupled to the objects; and at least one heat sink 
adapted to absorb heat from the case, the heat sink thermally coupled to the case and the 
housing. 

[0008] More particularly, in a first embodiment, the housing has a partial-shell. The 
partial-shell has a multitude of fins on its exterior, an aperture, and a cover adapted to 
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selectively seal the aperture against the weather and a pressure differential. The partial- 
shell has a base adapted to seal the partial-shell against the weather and a pressure 
differential. The partial-shell and the cover can be any material having a suitable 
combination of thermal properties, corrosion resistance, and strength, such as a 
formulation of aluminum, bronze, and nickel. The base can be any material having a 
suitable combination corrosion resistance and strength, such as nylon, plastic, such as 
ABS, or structural foam. 

[0009] The case defines an object containment volume within the housing. The 
case has a frame that surrounds the object containment volume. The case has a first 
partition that divides the object containment volume two individual regions. The case 
has several second partitions that divide each region into several sections. Each of the 
second partitions is thermally coupled to the frame and to the first partition. 

[0010] Each of the sections is divided into several slots. Each slot contains one of 
the objects. Each object is either thermally coupled to the frame, a second partition, and 
the first partition or to two second partitions and the first partition. The frame, the first 
partition, and the second partitions can be any material having suitable thermal 
properties, such as aluminum, copper bronze, brass, or the like. 

[0011] The case is adapted to selective reconfiguration between operating and non- 
operating configurations. The non-operating configuration is defined by the second 
partitions of one of the regions being displaced relative to the second partitions of the 
other region. The operating configuration is defined by the second partitions of one of 
the regions being aligned with the second partitions of the other region. 

[0012] At least one heat sink is thermally coupled to the case. The heat sink is a 
solid block and can be of any material suitable for heat sinks, such as aluminum, copper 
bronze, brass, or the like. 

[0013] The first embodiment has a cage attached to the base. The cage is adapted to 
confine the case, including at least one heat sink thermally coupled thereto, to the base. 
The cage can be of any suitable material, such as plastic. In this configuration at least 
one heat sink extends through the cage. When the partial-shell is attached to the base 
with the cage, having at least one heat sink protruding therethrough, attached thereto, 
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the heat sink protruding therethrough is thermally coupled to the partial-shell. The base 
has a lead-out, such as for wires used to input and output electrical signals to and from 
the objects. The lead-out is sealed against the weather and a pressure differential. 

[0014] In a second embodiment, the housing has a pair of partial-shells. The partial 
shells are mated together to form a single-shell that has opposing first and second 
openings. Each of the partial shells has a number of fins on its exterior. The partial- 
shells can be of a material equivalent to that of the partial shell of the first embodiment. 
The embodiment includes a case that can be structurally and functionally equivalent to 
the case of the first embodiment. The embodiment includes at least one heat sink 
thermally coupled to the case that can be functionally equivalent to the heat sink of the 
first embodiment. The case and the heat sink can be of materials equivalent to the case 
and heat sink of the first embodiment, respectively. 

[0015] The second embodiment has a cage that contains the case, including at least 
one heat sink thermally coupled thereto. The cage has continuous opposing first and 
second openings. The cage, including the case having at least one heat sink thermally 
coupled thereto, is contained between the partial shells, as mated together to form the 
single-shell. In this configuration, the first opening of the cage coincides with the first 
opening of the single shell and the second opening of the cage coincides with at least a 
portion of the second opening of the single shell. 

[0016] The second embodiment has a first cover adapted to selectively 
simultaneously close the first opening in the single-shell and seal the first opening of the 
cage against the weather and a pressure differential. The second embodiment has a 
second cover adapted to simultaneously close at least a portion of the second opening in 
the single-shell and seal the second opening of the cage against the weather and a 
pressure differential. 

[0017] The first cover can be of the same material as the partial-shells, or a suitable 
equivalent. The second cover can be the same material as the base of the first 
embodiment, or a suitable equivalent. The second cover has a lead-out, such as for 
wires used to input and output electrical signals to and from the objects. The lead-out is 
sealed against the weather and a pressure differential. 
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[0018] As configured, the cage contains the case so that at least one heat sink 
protrudes through one of its openings and so that the case and the objects contained 
therein are sealed against the weather and a pressure differential by the first and second 
covers. When the cage is contained between the partial shells, at least one heat sink is 
thermally coupled to one of the partial shells. 

[0019] In a third embodiment, the housing has a shell. The interior of the shell is 
divided into a pair of compartments by a partition. The shell has a pair of first 
apertures, one for each compartment. The shell has a second aperture opposite the first 
apertures. The shell has a pair of first covers, each adapted to selectively seal one of the 
first apertures against the weather and a pressure differential. The shell has a second 
cover adapted to seal the second aperture against the weather and a pressure differential. 
The second cover has a lead-out for wires. 

[0020] The shell also has at least one third aperture located in one of the 
compartments between and perpendicular to one of the first apertures and the second 
aperture. The shell also has at least one third cover, each third cover adapted to seal the 
third aperture against the weather and a pressure differential. The third cover has a 
number of fins on its exterior. A portion of the third cover can be thermally coupled to 
a portion of the shell. 

[0021] The third embodiment includes at least one case that can be structurally and 
functionally equivalent to the case of the first embodiment. The case can be of the same 
material as the case of the first embodiment, or a suitable equivalent. The case is 
located in the compartment having the third aperture. The third embodiment includes at 
least one heat sink that can be functionally equivalent to the heat sink of the first 
embodiment. The heat sink can be of the same material as the heat sink of the first 
embodiment, or a suitable equivalent. The heat sink is thermally coupled to the interior 
of the third cover and to the case. 

[0022] In another embodiment, the heat sink includes a phase-change material 
(PCM) that changes from a solid to a liquid and vice versa. In another embodiment, the 
heat sink includes a PCM that changes from a liquid to a vapor and vice versa. In 
another embodiment, the heat sink includes at least one heat pipe. 
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[0023] In manufacturing the first embodiment, a partial shell having a number of 
fins on its exterior and an aperture is formed. A cover is formed and used to selectively 
seal the aperture against the weather and a pressure differential. A base having a lead- 
out is formed. 

[0024] A case adapted to confine the objects to different locations within the 
housing is formed. Forming the case involves forming a frame, a first partition, and a 
number of second partitions. The region within the frame is divided into two regions 
using the first partition, each region is divided into a number of sections using the 
second partitions, and a number of slots is formed in each of the sections. Thermal 
couplings between each of the second partitions, the frame, and the first partition are 
formed. 

[0025] Manufacturing the case also involves adapting the case to be selectively 
reconfigured between a non-operating configuration and an operating configuration. 
The non-operating configuration includes the second partitions of one the regions being 
displaced relative to the second partitions of the other region. The operating 
configuration includes the second partitions of one of regions being aligned with the 
second partitions of the other region. 

[0026] An object, such as an electronic circuit card, is either thermally coupled to 
the first partition, frame, and a second partition or to the first partition, frame, and two 
partitions by ensuring the case is in the non-operating configuration, inserting the object 
into one of the slots, and selectively reconfiguring the case into the operating 
configuration. A thermally conducting material, of the type specially manufactured for 
thermal contact situations, can be deployed between the mating surfaces of the thermal 
couplings. 

[0027] At least one heat sink is formed using a solid block of material. The heat 
sink is thermally coupled to one of the frame walls. A cage is also formed and used to 
contain the case, including at least one heat sink coupled thereto, so that the heat sink 
protrudes though the cage. 

[0028] Manufacturing the first embodiment also involves attaching the cage and its 
contents to the base, inserting the cage into the partial-shell to form a thermal coupling 
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between at least one heat sink and the partial-shell, and using the base to seal the partial- 
shell against the weather and a pressure differential. Also involved is sealing the lead- 
out in the base against the weather and a pressure differential. 

[0029] In manufacturing the second embodiment, two partial-shells are formed, 
each having a number of fins on its exterior. A case that can be functionally and 
structurally equivalent to the case of the first embodiment is formed. At least one heat 
sink is formed using a solid block of material and is thermally coupled to the case. 

[0030] A cage having opposing continuous first and second openings is formed and 
is used to contain the case, including at least one heat sink coupled thereto, so that at 
least one heat sink protrudes through the cage. The partial-shells are mated together to 
form a single-shell about the cage that has first and second openings, the first opening 
being coincident with the first opening of the cage and at least a portion of the second 
opening being coincident with the second opening of the cage. Mating the partial -shells 
about the cage also forms a thermal coupling between at least one heat sink and at least 
one of the partial-shells. 

[0031] A first cover is formed and is used to selectively simultaneously cover the 
first opening in the single-shell and seal the first opening in the cage against the weather 
and a pressure differential. A second cover having a lead-out, such as for wires, is 
formed and is used to simultaneously close at least a portion of the second opening in 
the single-shell and seal the second opening of the cage against the weather and a 
pressure differential. Sealing the second opening of the cage also involves sealing the 
lead-out against the weather and a pressure differential. Sealing the first and second 
openings of the cage also seals the case and the objects contained therein against the 
weather and a pressure differential. 

[0032] In manufacturing the third embodiment, a shell is formed. The interior of 
the shell so formed is divided into a pair of compartments by a partition. The shell so 
formed has a pair of first apertures, one first aperture for each compartment, and a 
second aperture opposite the first apertures. The shell so formed has at least one third 
aperture located in one compartment between and perpendicular to one of the first 
apertures and the second aperture. 
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[0033] At least one case that can be structurally and functionally equivalent to the 
case of the first embodiment is formed. The case is positioned in the compartment 
having the third aperture. A pair of first covers is formed and each is used to selectively 
seal one of the first apertures against the weather and a pressure differential. A second 
cover having a lead out for wires is formed and used to seal the second aperture- 
Sealing the second aperture involves sealing the lead-out against the weather and a 
pressure differential. 

[0034] At least one heat sink, structurally and functionally equivalent to the heat 
sink of the first embodiment, is formed. At least one third cover is formed. The third 
cover so formed has a number of fins on its exterior and can be of the same material as 
the partial shell and the cover of the first embodiment, or a suitable equivalent. The 
third cover is used to seal the third aperture against the weather and a pressure 
differential. The heat sink is thermally coupled to the case and the third cover. A 
portion of the third cover can be thermally coupled to the shell. 

[0035] In manufacturing another embodiment, a heat sink is formed by configuring 
it to encapsulate a PCM that changes from a solid to a liquid and vice versa. In 
manufacturing another embodiment, a heat sink is formed by configuring it to 
encapsulate a PCM that changes from a liquid to a vapor and vice versa. In 
manufacturing another embodiment, a heat sink is formed to include at least one heat 
pipe. 

Brief Description of the Drawings 
[0036] Figure 1 is a perspective view demonstrating the first embodiment of the 
present invention as assembled. 

[0037] Figure 2 is an exploded view demonstrating the first embodiment of the 
present invention. 

[0038] Figure 3 is a cross-sectional view demonstrating the operating configuration 
of the case of the first embodiment of the present invention. 

[0039] Figure 4 demonstrates the operating configuration of the case of the first 
embodiment of the present invention as viewed along 4-4 of Fig. 3. 
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[0040] Figure 5 is a cross-sectional view demonstrating the non-operating 
configuration of the case of the first embodiment of the present invention. 

[0041] Figure 6 demonstrates the non-operating configuration of the case of the first 
embodiment of the present invention as viewed along 6-6 of Fig. 5. 

[0042] Figure 7 is a perspective view demonstrating the second embodiment of the 
present invention as assembled. 

[0043] Figure 8 is an exploded view demonstrating the second embodiment of the 
present invention. 

[0044] Figure 9 is a back elevation view demonstrating the second embodiment of 
the present invention. 

[0045] Figure 10 is a perspective view demonstrating the third embodiment of the 
present invention as assembled. 

[0046] Figure 1 1 is an exploded view demonstrating the third embodiment of the 
present invention. 

[0047] Figure 11a is cover 306 viewed along 1 la-1 la of Fig. 11. 

[0048] Figures 12, 13, 14, 15, and 16 illustrate an alternative embodiment of a case 
according to the teachings of the present invention. 



Detailed Description 
[0049] In the following detailed description, reference is made to the accompanying 
drawings that form a part thereof, and in which is shown by way of illustration specific 
illustrative embodiments in which the invention may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments may be utilized and that 
logical, mechanical and electrical changes may be made without departing from the 
spirit and scope of the present invention. The following detailed description is, 
therefore, not to be taken in a limiting sense. 
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[0050] Apparatus 100, shown in Figs. 1-6, demonstrates a first embodiment of the 
present invention. Apparatus 100 has a housing, demonstrated by housing 102 in Fig. 1 . 
Housing 102 is adapted to contain objects 104, shown in Fig. 2, such as electronic 
circuit cards. Apparatus 100 has case 106 contained within housing 102 that is adapted 
to confine objects 104 to different locations within housing 102, as demonstrated in Fig. 
2. Case 106 is thermally coupled to each of objects 104. Apparatus 100 has at least one 
heat sink 108 adapted to absorb heat from case 106. The heat sink is thermally coupled 
to case 106 and to housing 102. In one embodiment, two heat sinks, as demonstrated by 
heat sinks 108 in Fig. 2, are used. In other embodiments, additional heat sinks are 
employed. 

[0051] More specifically, housing 102 of apparatus 100 includes partial-shell 110, 
shown in Figs. 1 and 2. Partial-shell 1 1 0 can have a number of fins, as exemplified by 
fin 1 12 in Fig. 1, distributed on its exterior. Partial-shell 1 10 has an aperture, which is 
covered by cover 1 14, as shown in Figs. 1 and 2. Both partial-shell 1 10 and cover 1 14 
can be of any material having a suitable combination of thermal properties, corrosion 
resistance, and strength, for example a formulation of aluminum, bronze, and nickel. 

[0052] Cover 114 selectively seals housing 1 02 against the weather and a pressure 
differential. Selective sealing can be accomplished using any suitable method, for 
example using cap screws or a combination of threaded studs and nuts to compress a 
suitable gasket, such as a gasket that seals against the weather and a pressure 
differential, between cover 1 14 and partial-shell 110. 

[0053] Case 1 06 has walls 1 1 8 and walls 1 20 that constitute a frame, as shown in 
Figs. 2 and 3. Case 106 has several partitions that divide the region within case 106 into 
a several sections, as exemplified by partition 122 and section 124 in Fig. 2. Case 106 
also includes partition 126, shown in Fig. 4, that divides the partitioned region within 
case 106 into two partitioned regions. Walls 118, walls 120, each partition 122, and 
partition 126 can be of any material having suitable thermal and strength properties, 
such as aluminum, copper, etc. 

[0054] Figure 4 demonstrates that partition 126 divides each wall 120 into two 
individual portions, demonstrated by wall portions 120a and b for one wall and by wall 
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portions 120c and d for the other wall. Similarly, partition 126 divides each partition 
122 into two portions, e.g., partitions 122a, b, and c of Fig. 3 are divided into partition- 
portions 122aa and 122ab, 122ba and 122bb, and 122ca and 122cb, respectively. 

[0055] Each partition 122 is thermally coupled to the frame by establishing 
substantially void-free contact between each partition 122 and each of the walls 1 18, as 
demonstrated in Fig. 2 and by partitions 122a, b, and c of Fig. 3. Each partition 122 is 
similarly thermally coupled to partition 126, as demonstrated by partition-portions 
122aa, 122ab, 122ba, 122bb, 122ca, and 122cb in Fig. 4. Substantially void-free contact 
can be accomplished using any suitable method, such as by polishing or disposing a 
thermally conducting material between the mating surfaces of walls 1 1 8 and each 
partition 122 and maintaining forced contact between the mating surfaces using any 
suitable method, such as by clamping, using a resilient material, by wedging, or the like. 
The thermally conducting material can be of the type specially manufactured for 
thermal contact situations such as this. 

[0056] Each section 124 is divided into several slots, as exemplified by slots 128a 
and b in Fig. 3. As demonstrated by slot 128a in Fig. 3, a slot can include one groove in 
one of walls 120 and an opposite groove in the neighboring partition, as exemplified by 
partition 122a. As demonstrated by slot 128b in Fig. 3, a slot can also include opposing 
slots in neighboring partitions, as exemplified by partitions 122b and c. Each slot can 
contain an object 104, such as an electronic circuit card. As demonstrated by object 
104a in Figs. 3 and 4, an object can be thermally coupled to a wall 1 20, a neighboring 
partition, as exemplified by 122a, and partition 126. As demonstrated by object 104b in 
Figs. 3 and 4, an object can also be thermally coupled to two neighboring partitions, as 
exemplified by partitions 122b and c, and partition 126. 

[0057] The configuration demonstrated in Figs. 3 and 4 corresponds to an operating 
configuration. The configuration of case 106 can be selectively reconfigured between 
the operating configuration and a non-operating configuration, demonstrated in Figs. 5 
and 6. The non-operating configuration involves a portion, such as wall portion 120a in 
Fig. 6, of at least one of the walls 120 and alternating partition portions, demonstrated 
by partition portion 122ba, being displaced relative to the objects, as exemplified by 
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objects 104a and b. Figure 6 demonstrates that wall portion 120a is displaced relative to 
wall portion 120b and partition-portion 122ba is displaced relative to partition-portion 
122bb. 

[0058] Selectively reconfiguring case 1 06 from the operating to the non-operating 
configuration facilitates the insertion and removal of objects 104. Selectively 
reconfiguring case 106 from the non-operating to the operating configuration secures 
each object 104 in place to form one of the thermal couplings described above. A 
thermally conducting material, of the type specially manufactured for thermal contact 
situations, can be deployed between the mating surfaces. Selectively reconfiguring case 
1 06 from the operating to the non-operating configuration can also involve the other 
side of partition 126, e.g., wall portion 120c and partition-portion 122bb being displaced 
relative to wall portion 120d and partition-portion 122ba, respectively. 

[0059] At least one heat sink 108 is thermally coupled to case 106, but two heat 
sinks 108 can be thermally coupled to opposing frame-walls, e.g., to walls 120, as 
demonstrated in Fig. 2. Alternatively, at least one heat sink can be thermally coupled to 
each of the walls 1 1 8 and each of the walls 1 20. Heat sink 1 08 is a solid block of 
material having thermal properties suitable for heat sinks, such as aluminum, copper, 
brass, bronze, or the like. 

[0060] A thermal coupling can be established between a heat sink 1 08 and any of 
the walls of case 1 06 by brazing or using a thermally conductive epoxy. Polishing the 
respective contact surfaces or disposing a thermally conducting material between the 
respective contact surfaces and screwing the respective heat sink to the respective wall 
can also be used to establish a thermal coupling between a heat sink 108 and any of the 
walls of case 106. 

[0061] Apparatus 100 has cage 130 adapted to contain case 106 therein. Cage 130 
has openings 132 and openings 133 perpendicular to openings 132, as shown in Fig. 2. 
Cage 130 has a pair of continuous walls 134. When case 106 is contained within cage 
130, at least one heat sink 108, as thermally coupled to a respective wall 120 of case 
106, protrudes through the respective opening 132. In the alternative where each of the 
walls 1 1 8 of case 106 can also have at least one heat sink 1 08 thermally coupled thereto, 
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each of the walls 1 34 of cage 1 30 can also have openings so that the respective heat 
sinks 108 protrude through these openings. Cage 130 can be of any suitable material, 
such as plastic. 

[0062] Apparatus 100 has base 136 adapted to attach cage 130, containing case 106 
therein, thereto. Base 136 is also adapted to attach partial shell 110 thereto. Base 136 
can be any material having suitable corrosion resistance and strength, such as nylon, 
plastic, such as ABS, or structural foam. In one embodiment, base 1 36 comprises a 
cable head assembly constructed as taught and described in co-pending application 
Serial No. 09/804,106 entitled CABLE HEAD ASSEMBLY and filed on even date 
herewith, which application is incorporated herein by reference. 

[0063] Selectively sealing the aperture in partial-shell 1 10 using cover 1 14 and 
attaching partial-shell 1 10 to base 136 closes partial-shell 1 10 to form housing 102 that 
contains cage 130, containing case 106 therein. In this configuration, at least one heat 
sink 108 forcibly abuts a corresponding thermally conducting pad, demonstrated by 
thermally conducting pad 1 38 in Fig. 2, that is thermally coupled to the interior of 
partial-shell 110. Thermally conducting pad 138 can be of any material having suitable 
thermal properties, such as aluminum, copper, etc. 

[0064] Thermal coupling between a thermally conducting pad 1 38 and a heat sink 
108 can be enhanced by polishing the respective contact surfaces or by disposing a 
thermally conducting material between the respective contact surfaces. Thermal 
coupling of thermally conducting pad 1 38 to the interior of partial-shell 1 1 0 can be 
accomplished by molding, brazing, or epoxying, using a suitable thermally conductive 
epoxy. Polishing the respective contact surfaces or disposing a thermally conducting 
material between them and screwing thermally conducting pad 138 to the interior of 
partial-shell 1 10 can also be used to thermally couple thermally conducting pad 138 to 
the interior of partial-shell 110. 

[0065] Cage 130 can be attached to base 136 using any suitable method, such as cap 
screws, nuts and bolts, or a threaded-stud-and-nut arrangement. Base 1 36 seals housing 
102 against the weather and a pressure differential. Sealing can be accomplished using 
any suitable sealing method, such as compressing a gasket between base 136 and partial 
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shell 1 1 0. Any suitable gasket can be used, such as a gasket of type employed by the 
automotive industry for engine-head gaskets. The gasket can be silicone or a suitable 
equivalent. Compression of the gasket between base 1 36 and partial shell 1 10 can be 
accomplished using any suitable method, such as cap screws or a threaded-stud-and-nut 
arrangement. 

[0066] Base 1 36 can include lead-out 140, such as for wires used to input and 
output electrical signals to and from objects 104. Lead-out 140 can be sealed against 
the weather and a pressure differential using any suitable material, such as a suitable 
elastomer. Apparatus 100 can be fitted with a pressure relief valve to guard against 
excessive external-to-internal pressure differences. 

[0067] Apparatus 200, shown in Figs. 7-9, demonstrates a second embodiment of 
the present invention. Apparatus 200 has housing 202, exemplified in Fig. 7 for 
containing objects, such as electronic circuit cards. Apparatus 200 has a case disposed 
within housing 202 that is adapted to confine the objects to different locations within 
the housing. In one embodiment, the case is structurally and functionally equivalent to 
case 106 described above and exemplified in Figs. 2-6 for apparatus 1 00. In one 
embodiment, the case is of the same material as case 106, or a suitable equivalent. 
Apparatus 200 has at least one heat sink thermally coupled to the case and to housing 
202. In one embodiment, apparatus 200 has two heat sinks, as demonstrated by heat 
sinks 108 in Fig. 2 for apparatus 100, or more. In one embodiment, the heat sink can 
functionally equivalent to heat sink 1 08. In one embodiment, the heat sink can be of the 
same material as heat sink 108, or a suitable equivalent. 

[0068] Apparatus 200 has partial-shells 21 0a and b. Partial-shell 21 0a has opposing 
openings 210al and a2 and partial shell 210b has opposing openings 21 Obi and b2, as 
shown in Fig. 8. Partial shells 210a and b have a number of fins, demonstrated by fins 
212a and b, respectively, on their exteriors. Partial-shells 210a can be of any material 
having a suitable combination of thermal properties, corrosion resistance, and strength, 
for example a formulation of aluminum, bronze, and nickel. 

[0069] Apparatus 200 has cage 230 adapted to contain the case, including at least 
one heat sink. The heat sink protrudes through one of the openings 232, shown in Fig. 
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8, of cage 230, but an additional heat sink can protrude through the other opening 232. 
Cage 230 can include flange 230a that frames opening 230b, an opening opposite 
opening 230b that is framed by flange 230c, and a pair of walls, as demonstrated by 
walls 234 in Fig. 8. Each of the walls 234 can have openings therein so that additional 
heat sinks thermally coupled to the case can protrude therethrough. Cage 230 can be of 
plastic or a suitable equivalent. 

[0070] Partial-shells 210a and b are butted together to form a single-shell about cage 
230 that has opposing first and second openings comprising openings 210al and bl and 
210a2 and b2, respectively. The first and second openings are coincident with opening 
230b and the opening framed by flange 230c, respectively. When partial-shells 210a and 
b are butted together, the abutment can be sealed against the weather and pressure 
differential using a suitable material. The sealing material can be of a thermal 
conductivity sufficient to thermally couple partial-shells 210a and b. Cap screws, nuts 
and bolts, a threaded-stud-and-nut arrangement, or a suitable equivalent can be used to 
compress the sealing material between partial-shells 210a and b and to hold partial- 
shells 210a and b together. 

[0071] When partial-shells 21 0a and b are butted together to form a single-shell 
about cage 230, at least one heat sink protruding through an opening 232 in cage 230 
can abut a corresponding thermally conducting pad 238, shown in Fig. 8. Thermally 
conducting pad 238 can be of any material having suitable thermal properties, such as 
aluminum, copper, etc. There can be at least one thermally conducting pad 238 
thermally coupled to partial shells 210a and b, respectively. 

[0072] Thermal coupling of thermally conducting pad 238 to partial-shells 210a and 
b can be accomplished by molding, brazing, or epoxying, using a suitable thermally 
conductive epoxy. Polishing the respective contact surfaces or disposing a thermally 
conducting material between them and screwing thermally conducting pad 238 to 
partial-shells 210a and b can also be used to thermally couple thermally conducting pad 
238 to the interior of partial-shells 210a and b. 

[0073] Apparatus 200 has cover 214 that simultaneously selectively covers the first 
opening in the single-shell and seals opening 230b of cage 230 against the weather and 
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a pressure differential. Cover 214 can be of any material having a suitable combination 
of thermal properties, corrosion resistance, and strength, for example a formulation of 
aluminum, bronze, and nickel. Selective sealing of opening 230b, using cover 214, can 
be accomplished by compressing a suitable gasket, such as a gasket that seals against 
the weather and a pressure differential, between cover 214 and flange 230a of cage 230, 
but two gaskets, as demonstrated by gaskets 23 1 a and b in Fig. 8, can be used. Any 
suitable method can be used to compress the gasket between cover 214 and flange 230a, 
such as cap screws or a threaded-stud-and-nut arrangement. Gaskets 231a and b can be 
of any suitable material, such as silicone, rubber, or the like. 

[0074] In one embodiment, gasket 23 lb is embedded in groove 230c. Groove 230c 
is formed in flange 230a of cage 230, as shown in Fig. 8. 

[0075] In another embodiment, apparatus 200 has cover 214 that simultaneously 
selectively covers the first opening in the single-shell and seals opening 230b of cage 
230 against the weather and a pressure differential. Cover 214 can be of any material 
having a suitable combination of thermal properties, corrosion resistance, and strength, 
for example a formulation of aluminum, bronze, and nickel. In one embodiment, 
selective sealing of opening 230b, using cover 214, is accomplished by compressing a 
suitable gasket, such as gasket 231b that seals against the weather and a pressure 
differential, between cover 214 and flange 230a of cage 230. Any suitable method can 
be used to compress gasket 231b between cover 214 and flange 230a, such as cap 
screws, a threaded-stud-and-nut arrangement, or the like. Gasket 231 b can be of any 
suitable material, such as silicone, rubber, or the like. 

[0076] In this embodiment, heat sink 23 1 a is sandwiched between the case and 
cover 214 to thermally couple them. Heat sink 231a is any material or combination of 
materials having thermal properties suitable for heat sinks, such as aluminum, copper, 
brass, bronze, or the like. In one embodiment, a thermal coupling is established 
between heat sink 231a and cover 214 while compressing gasket 231b between cover 
214 and flange 230a, i.e., heat sink 23 la is brought into forced contact with cover 214 
and the case using cap screws, a thxeaded-stud-and-nut arrangement, or the like. In one 
embodiment, a thermally conducting material is disposed between heat sink 23 1 a and 
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cover 214 and between heat sink 23 1 a and the case. In another embodiment, heat sink 
231a is brazed, screwed, bolted, epoxied, using a thermally conductive epoxy, or the 
like to the case and cover 2 1 4 is brought into forced contact with heat sink 23 1 a using 
cap screws, a threaded-stud-and-nut arrangement, or the like, while compressing gasket 
23 lb between cover 214 and flange 230a. In another embodiment, heat sink 23 1 a is 
brazed, screwed, bolted, epoxied, using a thermally conductive epoxy, or the like to 
cover 214 and is brought into forced contact with the case using cap screws, a threaded- 
stud-and-nut arrangement, or the like, while compressing gasket 231b between cover 
214 and flange 230a. 

[0077] In operation, heat sink 23 1 a absorbs heat dissipated by the objects, e.g. 
objects 104 of Fig. 2, confined within the case, as follows: the heat dissipated by the 
objects is transferred to the case via thermal contact between the objects and the case, 
and the heat transferred to the case is absorbed by heat sink 231a via thermal contact 
between the case and heat sink 23 1 a. The heat absorbed by heat sink 23 1 a is transferred 
to cover 214 via thermal contact between heat sink 231a and cover 214 and is 
subsequently transferred exteriorly of cover 214. 

[0078] Apparatus 200 has cover 236. In one embodiment, cover 236 comprises a 
cable head assembly constructed as taught and described in co-pending application 
Serial No. 09/804,106 entitled CABLE HEAD ASSEMBLY and filed on even date 
herewith, which application is incorporated herein by reference. 

[0079] Cover 236 can be any material having suitable corrosion resistance and 
strength, such as nylon, plastic, such as ABS, or structural foam. Cover 236 
simultaneously covers the second opening in the single-shell and seals the opening 
framed by flange 230c of cage 230 against the weather and a pressure differential. 
Sealing the opening framed by flange 230c of cage 230 using cover 236 can be 
accomplished by compressing a suitable gasket, as demonstrated by gasket 237, 
between cover 236 and flange 230c using any suitable method, such as cap screws or a 
threaded-stud-and-nut arrangement. Gasket 237 can be of the type employed by the 
automotive industry for engine-head gaskets and can be of silicone or a suitable 
equivalent. In one embodiment, gasket 237 is embedded in cover 236. Figure 9 is a 
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back view of apparatus 200 demonstrating cover 236 simultaneously covering the 
second opening in the single-shell and sealing the opening framed by flange 230c of 
cage 230 against the weather and a pressure differential. 

[0080] Cover 236 includes lead-out 240 such as for wires used to input and output 
electrical signals to and from the objects. Lead-out 240 can be sealed against the 
weather and a pressure differential using any suitable material, such as a suitable 
elastomer. 

[0081] When cage 230 contains the case containing the objects and including at 
least one heat sink protruding through one of its openings 232 and when opening 230b 
and the opening framed by flange 230c are sealed by covers 214 and 236, respectively, 
the objects are sealed against a pressure differential and the weather. The sealed case 
can be fitted with a pressure-relief valve to guard against excessive external-to-internal 
pressure differences. 

[0082] Apparatus 300, shown in Figs. 10 and 1 1 , demonstrates a third embodiment 
of the present invention. Figure 1 0 demonstrates that apparatus 300 has housing 302 
that can be used for containing objects, such as electronic circuit cards. Housing 302 
includes shell 304 that is sealed against the weather and a pressure differential by a pair 
of first covers 306 and a second cover (not shown) opposite first covers 306. Shell 304 
can have a number of fins, as exemplified by fin 307 in Fig. 10, distributed on its 
exterior. 

[0083] Shell 304 includes protrusion 305 on each of its ends having an aperture 
therethrough. In another embodiment, protrusion 305 is a lug. A tether 305a passes 
through the aperture of each protrusion 305 and through an aperture (not shown) in each 
of covers 306 to form a loop that interconnects each protrusion 305 to one of covers 
306. Tether 305a can be of any material of suitable tensile strength and corrosion 
resistance, such as an aramid, e.g., Kevlar, or the like. In another embodiment, tether 
305a has two ends, and the respective ends of a tether 305a are connected to a cover 306 
and an end of shell 304 using any suitable method, such as screwing, gluing, riveting, or 
the like. 
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[0084] In particular, as demonstrated in Fig. 11, shell 304 is divided into two 
compartments, such as compartment 308, by partition 310. Shell 304 has a pair of first 
apertures, such as aperture 312, one for each compartment. Each aperture 312 is 
selectively sealed against the weather and a pressure differential by one of covers 306. 
Shell 304 and covers 306 can be of any material having a suitable combination of 
thermal properties, corrosion resistance, and strength, for example a formulation of 
aluminum, bronze, and nickel, nylon, ABS, or the like. 

[0085] Selective sealing of the respective apertures, using covers 306, can 
accomplished using any suitable method, for example cap screws, nuts-and-bolts, or a 
combination of threaded studs and nuts, to compress a suitable gasket, such as a gasket 
that seals against the weather and a pressure differential, between the respective cover 
306 and shell 304. Figure 1 la illustrates one embodiment of a bottom view of cover 
306. Embedded gasket 306a can be any suitable material that seals against the weather 
and a pressure differential, such as silicone, rubber, or the like. 

[0086] Shell 304 has a second aperture opposite covers 306, sealed by the second 
cover against the weather and a pressure differential. The second cover can include a 
lead-out. The second cover can be any material having suitable corrosion resistance and 
strength, such as nylon, plastic, ABS, or structural foam. Sealing of the second aperture 
using the second cover can be accomplished using any suitable sealing method, such as 
compressing a gasket between the second cover and shell 304. Any suitable gasket can 
be used, such as a gasket of type employed by the automotive industry for engine-head 
gaskets that can be of silicone or an equivalent material. Compression of the gasket 
between the second cover and shell 304 can be accomplished using any suitable method, 
such as cap screws, nuts-and-bolts, or a threaded-stud-and-nut arrangement. 

[0087] The shell 304 has at least one third aperture 3 1 4 located in one of the 
compartments between and perpendicular to first aperture 312 and the second aperture. 
There can be a pair opposing apertures 314 in each compartment, as demonstrated for 
compartment 308 in Fig. 1 1 , however. The shell also has at least one third cover 3 1 6, 
shown in Fig. 1 1 . Cover 316 is adapted to seal aperture 314 against the weather and a 
pressure differential. Cover 316 has a number of fins, as exemplified by fin 307, on its 
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exterior and a heat sink, as exemplified by heat sink 320, thermally coupled to its 
interior. In one embodiment, heat sink 320 is functionally equivalent to heat sink 108 of 
apparatus 100. In one embodiment, heat sink 320 can be of the same material as heat 
sink 108, or a suitable equivalent. Portion 322 of cover 316 can be thermally coupled to 
a portion of the shell, as demonstrated in Fig. 1 1 . In the configuration where there can 
be a pair opposing apertures 3 14 in each compartment, each aperture is sealed against 
the weather and a pressure differential by a cover 316, as demonstrated in Fig. 1 1 . 

[0088] The third embodiment includes at least one case 324, shown in Fig. 11. In 
one embodiment, case 324 is structurally and functionally equivalent to case 106 of the 
first embodiment. In one embodiment, case 324 is of the same material as case 106, or 
a suitable equivalent. As demonstrated in Fig. 1 1 , a case 324 can be located in each 
compartment. When aperture 3 14 is sealed against the weather and a pressure 
differential by cover 316, heat sink 320 extends through aperture 314 and is thermally 
coupled to case 324. 

[0089] In an alternative embodiment, the case can be as demonstrated by case 400 
in Figs. 12-16. Case 400 is disposed within a housing and is adapted to confine objects 
401, such as electronic circuit cards, at different locations within the housing. Case 400 
has walls 402 and walls 404 that constitute frame 406, demonstrated in Fig. 13. Case 
400 has at least one partition 408 that divides the region within it into at least two 
regions. Case 400 has several partitions 410-1 to 410-N and at least one partition 412 
that divide each of the two regions into several sections. Walls 402, walls 404, each of 
partitions 410-1 to 410-N, and partition 408 can be of any material having suitable 
thermal and strength properties, such as aluminum, copper, etc. 

[0090] Walls 402 are thermally coupled to walls 404. Partitions 410-1 to 410-N and 
partition 412 are thermally coupled to walls 404. Partition 408 is thermally coupled to 
walls 402. Thermal contact can be accomplished using any suitable method, such as by 
polishing or disposing a thermally conducting material between the contact surfaces and 
maintaining forced contact between the mating surfaces using any suitable method, such 
as by using a resilient material or by wedging as described below. The thermally 
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conducting material can be of the type specially manufactured for thermal contact 
situations such as this. 

[0091] Frame 406 has at least one slot 414 adapted to accommodate partition 408. 
Slot 414 includes a pair of opposing grooves 414a and b as shown. Frame 406 has 
several slots 416-1 to 416-M, each adapted to accommodate one of partitions 410-1 to 
410-N. Each of slots 416-1 to 416-M respectively includes a pair of opposing grooves 
416-la and 416-lb to 416-Ma to 416-Mb as shown. Frame 406 has at least one slot 418 
adapted to accommodate partition 412. Slot 418 includes a pair of opposing grooves 
418a and b as shown. 

[0092] Figure 14 is an enlarged view of encircled region 14 of Fig. 12 and 
demonstrates one embodiment case 400. Partition 410-j of Fig. 14 is any one of 
partitions 410-1 to 410-N. Slot 416-k is any one of slots 416-1 to 416-M. Slot 416-k is 
adapted to provide a clearance gap 420-i on either side of partition 410-j. This 
demonstrates that each of slots 416-1 to 416-M is adapted to provide clearance gap on 
either of its sides. Partition 412 is composite configuration that includes a pair of outer 
layers 422. Outer layers 422 sandwich resilient layer 424 between them. Layers 422 
can be of any material having suitable thermal and strength properties, such as 
aluminum, copper, etc. Layer 424 can be any material having suitable resilience 
properties, such as a suitable elastomeric gasket. Slot 41 8 is adapted to provide a 
clearance gap 426 on either side of partition 412. 

[00931 Resilient layer 424 exerts a force on each of layers 422, which in turn bear 
against and transmit the force to adjacent objects 401 , as facilitated by clearance gaps 
426. In turn, an object 401 bears against an adjacent partition 410-j, which transmits the 
force, as facilitated by their respective clearance gaps 420-i to the next object 401 . This 
chain of events continues until the objects 401 that are adjacent one of walls 402 are 
forced against one of walls 402, thus thermally coupling objects 401 to partition 410-j 
and 412, to a pair of partitions 410-j, or to a partition 410-j and one of walls 402 and 
thus securing objects 401 within case 400. A thermally conducting material of the type 
specially manufactured for thermal contact situations can be deployed between the 
contact surfaces. 
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[0094] Figure 15 is an enlarged view of encircled region 14 of Fig. 12 and 
demonstrates another embodiment of case 400. In one embodiment, partition 510-j is 
equivalent to partition 410-j of Fig. 14 and is any one of partitions 410-1 to 410-N of 
Fig. 12. In one embodiment, slot 516-k is equivalent to slot 416-k of Fig. 14 and is any 
one of slots 416-1 to 416-M of Fig. 13. Slot 516-k is adapted to provide a clearance gap 
520-i on either side of partition 510-j. In one embodiment, slot 520-i is equivalent to 
slot 420-i of Fig. 14. Partition 512 includes a pair of outer layers 522. Layers 522 can 
be of any material having suitable thermal and strength properties, such as aluminum, 
copper, etc. Wedge 524 is inserted between layers 522, as demonstrated in Fig. 16, a 
top view of partition 524. Wedge 524 can be any suitable material, e.g., plastic, 
aluminum, copper, or the like. In another embodiment, wedge 512 is replaced by 
several wedges positioned one above the other at discrete vertical locations between 
layers 522. Slot 518 is adapted to provide a clearance gap 526 on either side of partition 
512. 

[0095] In one embodiment, wedge 524 exerts a force on each of layers 522, which 
in turn bear against and transmit the force to adjacent objects 501 , as facilitated by 
clearance gaps 526. In one embodiment objects 501 are equivalent to objects 401 in 
Fig. 14. In turn, an object 501 bears against an adjacent partition 510-j, which transmits 
the force, as facilitated by clearance gaps 520-i to the next object 501 . This chain of 
events continues until the objects 501 that are adjacent one of walls 402 are forced 
against one of walls 402, thus thermally coupling objects 501 to partition 510-j and 512, 
to a pair of partitions 510-j, or to a partition 510-j and one of walls 402 and thus 
securing objects 401 within case 400. A thermally conducting material of the type 
specially manufactured for thermal contact situations can be deployed between the 
contact surfaces. 

[0096] In another embodiment of the present invention, each heat sink is configured 
to encapsulate a phase-change material (PCM) that changes from a solid to a liquid and 
vice versa. The PCM can be any suitable liquid-solid PCM, such as paraffin. In 
another embodiment of the present invention each heat sink is configured to encapsulate 
a PCM that changes from a liquid to a vapor and vice versa. The PCM can be any 
suitable liquid-vapor PCM, such as FLUROINERT, a product of Dow Chemical 
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Corporation. In another embodiment of the present invention, each heat sink is 
configured to include at least one heat pipe. 

[0097] To manufacture apparatus 1 00, partial-shell 1 1 0, including an aperture and a 
multitude fins on its exterior, as demonstrated by fin 1 12 in Fig. 1 , is formed. Cover 
1 14 is formed and used to selectively seal the aperture against the weather and a 
pressure differential. Base 1 36 having lead-out 140, such as for wiring, is also formed. 
[0098J Case 1 06, adapted to confine the objects to different locations within the 
housing, is formed. Forming case 106 involves forming a frame, partition 126, and a 
plurality of second partitions, demonstrated by partition 122 in Fig. 2. The region 
within the frame is divided into two regions using partition 126, each region is divided 
into a plurality of sections, demonstrated by section 124 in Fig. 2, using the plurality of 
partitions 122, and a plurality of slots, demonstrated by slots 128a and b, is formed in 
each of the sections 124. Thermal couplings between each of the partitions 122, the 
frame, and partition 126 are formed. Manufacturing case 106 also involves adapting it 
to be selectively reconfigured between a non-operating configuration, as demonstrated 
in Figs. 5 and 6, and an operating configuration, as demonstrated in Figs. 3 and 4. 
[0099] An object, such as an object 1 04, is either thermally coupled to one of walls 
120, partition 126, and a neighboring partition, as exemplified by 122a or to two 
neighboring partitions, as exemplified by partitions 1 22b and c, and to partition 1 26 by 
first ensuring the case is in the non-operating configuration. Then, the object is inserted 
into one of the slots, e.g., 128a or b, and the case is selectively reconfigured into the 
operating configuration. A thermally conducting material of the type specially 
manufactured for thermal contact situations can be deployed between the mating 
surfaces of the thermal couplings. 

[00100] At least one heat sink 108 is formed using a solid block of material. As 
demonstrated in Fig. 2, two heat sinks 108 can be formed and thermally coupled to one 
of walls 120, respectively. 

[00101] Manufacturing apparatus 1 00 includes manufacturing cage 1 30, positioning 
case 106, including at least one heat sink 108 thermally coupled to one of walls 120, 
within cage 130 so that at least one heat sink 108 protrudes though an opening 132. 
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Cage 130 is attached to base 136. Base 136 is attached to partial-shell 1 10 to seal 
housing 102 against the weather and a pressure differential. Sealing housing 102 using 
base 102 also includes sealing lead-out 140 of base 136 against the weather and a 
pressure differential. 

[00102] Manufacturing apparatus 100 includes thermally coupling at least one heat 
sink 108 to partial shell 1 1 0, thermal coupling accomplished by forming a thermally 
conducting pad 138 and thermally coupling it to the interior of partial-shell 110. 
Thermal coupling between heat sink 108 and partial shell 1 10 is established by bringing 
heat sink 108 into thermal contact with a corresponding thermally conducting pad 138, 
accomplished by positioning cage 1 30 within partial-shell 110. 

[00103] To manufacture apparatus 200, partial-shells 2 1 0a and b, each having a 
number of fins on their respective exteriors, as demonstrated by fins 21 2a and b, 
respectively, in Figs. 7 and 8 are formed. A case that can be structurally and 
functionally equivalent to case 106, described above for apparatus 100 is formed. At 
least one heat sink is formed and thermally coupled to the case. As for apparatus 100, 
two heat sinks can be coupled to two opposing walls of the case. 

[00104] Manufacturing apparatus 200 includes forming cage 230 and positioning the 
case, including at least one sink thermally coupled thereto, within it so that at least one 
heat sink protrudes an opening 232. Manufacturing apparatus 200 includes butting 
partial-shells 210a and b together to form a single-shell about cage 230 that has 
opposing first and second openings, respectively comprising openings 210al and bl and 
210a2 and b2, shown in Fig. 8. The first and second openings are coincident with 
opening 230b and the second opening framed by flange 230c of cage 230, respectively. 
Butting partial-shells 210a and b together can include sealing the abutment against the 
weather and pressure differential using a suitable material that can also thermally couple 
partial-shells 210a and b. 

[00105] Cover 214 is formed and is used to selectively simultaneously cover the first 
opening in the single-shell and seal the opening 230b of the cage against the weather 
and a pressure differential. In another embodiment, gasket 23 1 a is a heat sink and is 
used to thermally couple the case to cover 214. Cover 236 having lead-out 240 is 
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formed and is used to simultaneously close at least a portion of the second opening in 
the single-shell and seal the opening of cage 230 framed by flange 230c against the 
weather and a pressure differential. Sealing the opening of cage 230 framed by flange 
230c also involves sealing lead-out 240 against the weather and a pressure differential. 
Sealing opening 230b and the opening framed by flange 230c of the cage also seals the 
objects contained within the case against the weather and a pressure differential. 

[00106] Manufacturing apparatus 200 includes thermally coupling at least one heat 
sink to partial-shells 21 0a or b. The thermal coupling is accomplished when partial- 
shells 210a and b are butted together to form a single-shell about cage 230, and at least 
one heat sink protrudes through one opening 232 in cage 230 and abuts a corresponding 
thermally conducting pad 238. A suitable thermally conducting material can be 
deployed between the heat sink and thermally conducting pad 238. 

[00107] To manufacture apparatus 300, shell 304 is formed. The interior of shell 304 
so formed is divided into a pair of compartments, such as compartment 308 in Fig. 1 1 , 
by partition 3 1 0. Shell 304 so formed has a pair of first apertures 3 1 2 and a second 
aperture opposite apertures 312. Shell 3 1 0 so formed has at least one third aperture 3 1 4 
located in one compartment between and perpendicular to one of apertures 312 and the 
second aperture. Shell 304 so formed can have a pair opposing apertures 3 14 in each 
compartment, as demonstrated for compartment 308 in Fig. 1 1 , however. 

[00108] At least one case 324 that can be structurally and functionally equivalent to 
the case 106 of apparatus 100 is formed. Case 324 is positioned in the compartment 
having aperture 3 14. A pair of first covers 306 is formed and each is used to selectively 
seal one of the first apertures 312 against the weather and a pressure differential. A 
second cover having a lead-out for wires is formed and used to selectively seal the 
second aperture. Sealing the second aperture involves sealing the lead-out against the 
weather and a pressure differential. 

[00109] - At least one third cover 3 1 6 is formed. Cover 3 1 6 so formed has a number 
of fins, as demonstrated by fin 307, on its exterior. Third cover 316 is used to seal 
aperture 314 against the weather and a pressure differential. Portion 322 of cover 316 
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can be thermally coupled to shell 304. At least one heat sink 320 is formed and 
thermally coupled to case 324 and the interior of cover 316. 

[00110] In the configuration, as demonstrated in Fig. 1 1 , where there can be a pair 
opposing apertures 314 in each compartment, a case 324 can be located in each 
compartment. In this configuration, each aperture 3 14 is sealed against the weather and 
a pressure differential by a cover 316. A heat sink 320 is thermally coupled to the 
interior of each cover 3 1 6 and a case 324. Portion 322 of each cover 3 1 6 can be 
thermally coupled to shell 304. 

[00111] In another embodiment of the present invention, each heat sink is 
manufactured by configuring it to encapsulate a PCM that changes from a solid to a 
liquid and vice versa. In another embodiment of the present invention, each heat sink is 
manufactured by configuring it to encapsulate a PCM that changes from a liquid to a 
vapor and vice versa. In another embodiment of the present invention, each heat sink is 
manufactured by configuring it to include at least one heat pipe. 

Conclusion 

[00112] Embodiments of the present invention have been described. The 
embodiments provide a housing adapted to contain objects, for example electronic 
circuit cards; at least one case located within the housing, the case adapted to confine 
the objects to different locations within the housing, the case also thermally coupled to 
the objects; and at least one heat sink adapted to absorb heat from the case, the heat sink 

thermally coupled to the case and the housing. 

< 

[00113] Although specific embodiments have been illustrated and described in this 
specification, it will be appreciated by those of ordinary skill in the art that any 
arrangement that is calculated to achieve the same purpose can be substituted for the 
specific embodiment shown. This application is intended to cover any adaptations or 
variations of the present invention. 
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